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the periods measured. Levels of statistical significance for performance at Kwajalein
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">.A 5-year study v.as conducted in cooperation with the Steel Structures Painting Council
(SSPC) to determine ,urface profile and cleanliness requirements for long-term performance of
generic coating systems currently used on Navy shore facilities. The experimental design in- 4
eluded tno levels of cleaning (%hite metal finish and commercial finish), four levels of profile /
height (Ios. medium, high, and very high), eight level: of abrasive (eight different abrasives),
and six Icels of generic coating system (alkyd, acrylic latex, vinyl, epoxy, coal tar epoxy, and
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INTRODUCTION

Inadequate surface preparation is probably the most frequently r
reported cause of early paint failure on steel surfaces. Because of
numerous early failures at Navy field activities, the Naval Civil "'
Engineering Laboratory (NCEL) prepared a techdata sheet (Ref 1) on this
sdbject to reduce the number of these failures. The present work was
directed at developing necessary surface preparation criteria that would
further insure the successful performance of coatings on steel surfaces. "
This report describes the results of this extensive 5-year study. •-0

BACKGROUND

Abrasive blasting of steel is generally the preferred method of
preparing steel surfaces for painting. it not only is very effective in
removing most contaminants (grease and oil usually require solvent
degreasing for complete removal), but it also provides a textured
surface (profile) for tight bonding of paint. Incomplete removal of

such surface contaminants as grease, oil, dirt, and mildew usually
results in poor paint adhesion and early peeling problems; incomplete
salt removal usually accelerates osmotic blistering. Too great a"T

surface profile will result in inadequate covering of peaks and will
result in early pinpoint rusting, while too low a profile may not permit
adequate bonding.

Different generic types of paint (paints are classified according
to the generic type of their binders) require different levels of
cleanliness and profile. Thus, it is rather well-accepted that drying
oil paints, such as alkyds, are relatively tolerant of incompletely
prepared surfaces, and inorganic zinc paints require a very high level
of cleanliness. The preferred steel surface profile may be related to
the thickness of the primer being applied, the total surface area, or

the general profile shape. A profile height half the dry film thickness
of the primer but never more than 2-1/2 mils ir frequently recommended.
Thus, a 2-1/2-mil profile height would be appropriate rather than 5 ails

when a thick 10-mil coat of primer is to be applies. Coating thickness
is related to formulation and generic type. The desired blast profile
height is usually achieved by selecting a particular abrasive and the
dwell time.

Abrasives of sand, shot, and grit are used in blast cleaning steel
prior to painting. Each specific abrasive provides a different profile
height as well as shape. Softer abrasives break down more during
blasting than harder abrasives to leave greater amounts of residue cn
the cleaned surface; all residues require removal by blowing air,
brushing, or vacuuming before painting the surface. The size and shape
of the abrasive particles greatly affect the surface texture. Thus,
relatively large and rounded shot provides a flat, shallow profile,
while angular grit provides a more jagged profile.

I4
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"From the above discussion, it is apparent that many factors are St'-
important in both defining criteria for the necessary surface preparation
of steel for lasting coating performance and in achieving these conditions.

'" This investigation was conducted to develop some of these criteria.

EXPERIMENTAL DESIGN
14

The test design of this investigation was an analysis of those
variants in surface preparation that were considered to be important in
achieving good adhesion of a primer to steel and good protection of the .'

metal by the total coating system. Such a design would be effective in
detecting interactions of variants, as were expected to occur. Struc-
tural steel panels, 1/4- by 4- by 12-inch, were blasted with abrasives-A
(hereinafter referred to as "abrasive blasted") to a white metal finish

(Steel Structures Painting Council (SSPC) SP 5) using conventional
blasting equipment. Eight different abrasives were used. The profile
"heights that resulted are as follows:

Abrasive Profile Height

Steelgrit G-14 Very high 51

Steelgrit G-40 Medium
Polygrit 40 Medium
Polygrit 80 Low
Black Beauty 400 Medium
Black Beauty 4016 High
Flint Shot Low
Steel Shot S280 Medium 4-.

In addition, two of these atrasives (Black Beauty 4016 and Polygrit 40)
were used to clean panel surfaces to a commercial finish (SSPC-SP 6) to
give a total of 10 surface výciations.

Six co-ting systems were chosen for the investigation:

System System
Number Decr:iption

1 Al'.yd System: Two coats u. TT-4'-86 Type III primer and one

finish coat of SSPC-Pair., a4.

2 Acrylic Latex System: Three coats of SSPS-Paint XWBIX.

3 Vinyl System: One coat of SSPC-PT 3 Wash Primer, two coats
of MIL-P-15929, and one coat of SSPC-Paint 9.

4 Epoxy: One coat of SSPC-Paint X-PIX, one coat of SSPC-Paint; I

XEP2X, and one coat of SSPC-Pa it XEP3X. Nia.

5 Coat Tar Epoxy: Two coits of SSPC-Pafnt 16.

6 Inorganic Zinc/Vinyl (Zinc-Rich): One coat of SSPC-Paint
' 1(XZIX, one coat of SSPC-PT 3 Tie Coat, and one coat of

.,SS -Paint 9.
2 -
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These systems were chosen because the !sent different generic types
that are widely used in the Naval Shore 'lishment. It was not
intended that conclu-ions be made about tht .elative performances of
each of these coatings except as they were related to the surface .'

preparation variables. Each coating system was spray applied to each of ,S".

the 10 surface variations. Thus, each complete set of test panels
totaled 60. Average dry film thicknesses of the coating systems on the
test panels are listed in Table I. Two 2-inch-long cuts were made in
the form of an "X" in the lower one-third of each coated panel. This
exposed the steel substrate so that such effects as undercutting at
breaks in the coating film could be measured.

"The preparation of the test specimens (surface preparation and
"coating application) was contracted to SSPC. SSPC became enthused over
the possibilities of obtaining additional important information by
expansion of the program. Thus, in addition to preparing specimens for
the NCEL adhesion testing and performance study at Kwajalein Atoll in
the Marshall Islands (the NCEL test site f~r rapid natural acceleration),

-. , SSPC prepared for itself additional sets of panels for studies of the
uncoated surfaces, laboratory salt fog exposure, and field exposures in
an industrial site at Pittsburgh, Pa., and a milder marine exposure at
Kure Beach, N.C. (Ref 2). If a coating provides 5 years of protection

at Kwajalein, it can be expected to perform well in all environments.
*:i Because the rates of coating failure at Kwajalein were much faster than

at the two locations, only the results from Kwajalein were available for
- use in this report. This completes the NCEL portion of the work; SSPC

will report their portion of the work upon its completion.

EXPERIMENTAL PROCEDURES

The bonding strengths of the 6 coating systems to the 10 different
Ssteel surfaces were determined on unexposed panels, panels exposed for

8,336 hours in a salt fog environment (SSPC used procedure 6061 of
Federal Test Method Standard No. 141), and two specimens after 15 and
57 months of exposure at Kwajalein. In the procedure for determining
bonding strength, steel probes were bonded to the finish coats with an
epoxy adhesive (Hysol EA9309). The circular probe ends, I oMZ in area,
were abrasive blasted to a white metal finish before bonding. After
3 days curing, the probes were pulled in tension at a rate of 0.5 cm/min
in a table model Instron testing machine until failure occurred. The
coating surrounditg the bonded probes was routinely cut to th, bere
metal before testing, even though preliminary experiment::ion showed
that this had little effect on the measurements. Both the magnitude and
the type of failure were recorded. Breaking strengths were recorded to
the nearest 0.5 kg/cm

2
. Performance at Kwajalein was rated using the

American Society for Testing and Materials (ASTH) rating systems found in
the Annual Book of ASTH Standards. A weighted rating was used to rate
"general protection." In all cases, a general protection rating of 10
indicates no degradation, and a rating of 7 indicates failure. No
panels were examined further after receiving a rating of 7.

3
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DISCUSSION OF EXPERIHENTAL RESULTS 9 .

In this section, adhesion and performance data after natural
* exposure are presented. A summary of previously reported data on

initial adhesion and accelerated salt fog testing ar- added in appro-
priate locations to give a total picture of the work undertaken and to
permit additional comparisons.

Adhesion Tests

The changes that occurred in bonding strengths at various time
intervals are shown in Table 2 for each of the six coating systems. H
Before any exposure, the bonding strengths varied from 22 to 180 kg/cm2.
After 15 months of tropical exposure at Kwajalein, two very significant
changes had occurred. The bonding strengths of the coal tar epoxy
specimens had greatly decreased, and the bonding strengths of the
acrylic latex specimens had greatly increased. The latter was probably

from loss of surfactant. The bonding strength of the zinc-rich system
had also increased very slightly. After 57 months, all bonding
"strengths had dropped from the 15-month ratings except for the zinc-rich
specimens, which had further increased slightly. The bonding strength
of the acrylic system had dropped only slightly and was now the greatest
of all the coating systems. The average of the bonding strengths after
8,383 hours of laboratory salt fcg exposure was lower than the average
of the bonding strengths after 57 months of tropical exposure. !...

"In Table 3, the average bonding strengths measured after various
time intervals are tabulated for each abrasive used. The range was much
less than that for the individual coating systems in Table 2. The
combined average had not changed after 15 months but dropped from 93 to
55 kg/cm

2 
after 57 months. As expected, there was a great variation in

the extent to which the bonding strengths associated with the different
abrasives varied with time, and only very slight increases were noted in

the bonding strengths after 15 months and none after 57 months of

natural exposure. Again, the average bonding strengths after 8,336 hours
of laboratory salt fog exposure were lower than those from specimens
"after 57 months of tropical exposure.

When the average bonding strengths associated with different

"profile heights were tabulated, small ranges like those with the
abrasive were obtained. This was true to even a greater extent when
level of cleaning was considered.

In an earlier report of initial adhesion studies (Ref 2), the
following significant variables were found to be related to initial
adhesion:

Variable Level of Significance

Coating Type 0.999
Abrasive 0.999
Coating Type-Abrasive Interaction 0.999
Profile Height 0.999
Coating Type-Profile Height Interaction 0.999
Cleaning Level 0.90
Coating Type-Cleaning Level Interaction 0.90

4 9



These data can be summarized as follows:

1. Initial adhesion was quite different with different coating
systems.

2. Initial adhesion was quite different with different abrasives.

3. Some coating systems had much better initial adhesion with one
or more specific abrasives than with others.

4. Initial coating adhesion was quite different with different
profile heights.

5. Some coating systemq had better initial adhesion with one or
more profile heights than with others.

6. Initial adhesion was slightly better on steel blasted to a -. ..

white metal finish than to a commercial finish.

7. The greater cleanliness level (white metal finish) was more ".
important to some coating systems than to others in promoting
adhesion.

Exposure Tests

There are many ways to statistically analyze the performance data
received. An attempt was made to find asd present the most meaningful
conclusions in a simple but adequate manner. Because there were very
significant rating differences between scribed and unscribed areas,
these areas were rated and statistically analyzed separately. Also, all
the analyses presented here are for general protection, rather than some

of the individual items that comprise that rating, since these data are
believed to provide the most meaningful conclusions. Other data are
currently being analyzed in a study of the mechanisms of coating

deterioration.

Analysis of Coating Systems. Abrasives, and Their Interaction.
Tables 4 and 5 show the levels of significance of coating systems,

abrasives, and their interaction over the 54-month rating period for
:. scribed and unscribed areas, respectively. It can be seen from these

and later tables that the levels of significance varied greatly over the
Z- 54 months. Also, levels of significance &re much greater for the

scribed than the unscribed areas. Thus, in the scribed areas, the three
variables have a high level of significance, while in the unscribed
areas, only the coating system has a consistently high level of
significance. To put it more directly, there were greater variations in
performance in the scribed than the unscribed areas. Although it was
not intended that conclusions should be made about the overall perfor-
mance of one generic type of coating as compared to another, sumaries
of their performances on scribed and unscribed panels are presented in
Tables 6 and 7, respectively, to show rates of deterioration, differences
in performance in scribed and unscribed areas, and changes in the order

5



of ranking over the rating period. While the epoxy system always ranked
first or second in both scribed and unscribed areas, the zinc-rich
system performed well only in the scribed areas. This is consistent
with the ability of the zinc-rich primer to provide cathodic protection
to the underlying steel only at areas where the barrier topcoat has been -
damaged. It should be noted that the zinc-rich system was different
from the others in that it performed better in the scribed areas than
unscribed areas after 18 months of exposure. It can also be seen that
the acrylic latex and vinyl systems generally ranked two positions
higher in the unscribed than the scribed areas. This is, of course,
padtly due to the lower ranking of the zinc-rich system in the unscribed
areas. A summary of the ratings on scribed panels in relation to the >-1
abrasive used is shown in Table 8. It can be seen from this table, as
well as the lower levels of significance in Table 4, that rating

variations between different abrasives were relatively small.
The following observations were made from the general protection

data in the scribed areas concerning the interaction of the coating
systems and the abrasives:

1. The zinc-rich system had the highest ratings of all the systems
except when Polygrit 80 was used as the abrasive.

2. The alkyd systen rated the lowest with all abrasives.

3. The acrylic latex system rated especially low when Black
Beauty 400 was the abrasive.

4. The epoxy system rated above average with all abrasives except
Steelgrit G-40 and Steel Shot. • •

5. The vinyl system rated above average when Steelgrit G-14,
Polygrit 80, and Black Beauty 4016 were the abrasives.

6. Black Beauty 4016 rated very high with the epoxy, vinyl, and .. '.
zinc-rich systems.

7. Steelgrit G-40 rated very low with all except the zinc-rich
system.•.

The following observations were made from the general protection
data in the unscribed areas concerning the interaction of the coating
systems and the abrasives:

1. The epoxy and the vinyl systems rated highest and the alkyd
system lowest when all abrasives were considered.

2. The zinc-rich system rated very low with all abrasives except
Black Beauty 400 and Black Beauty 4016.

3. The coal tar epoxy system rated very high when Polygrit 80 and
Polygrit 40 were the abrasives.

6



4. The acrylic latex system rated high only when Steel Shot was
the abrasive and rated especially low when Black Beauty 400 was
the abrasive. The Steel Shot may have provided a very favorable
profile shape. '"'

5. Steelgrit G-14 and Flint Shot rated the nighest of all the '-.*'.

abrasives when all coating systems were considered.

Obviously, the effect Gf the variable abrasive may be related to
contamination of the surface with abrasive residue, as well as to the
"profile generated. The magnitude of effects of such contamination has
not been established.

Analysis of Coating Systems, Profile Heights, and Their Interaction.
Tables 9 and 10 show the levels of significance of coating systems,
profile heights, and their interaction for scribed and unscribed areas,
respectively, at various times during the 54-month rating period.
Again, it can be seen that rating variations and thus significance are
much greater for the coating system than the other two variables. The
differences in level of significance of coating systems in these tables
and in Tables 7 and 8 arise because only specimens prepared with four
abrasives corresponding to the four profile heights were used in this
statistical analysis, while all exposed panels were used in the
previously described analyses. The profile and interaction levels of
significance in Tables 9 and 10 parallel those for abrasive and its-.7-
interaction with coating system in Tables 6 and 7 in being much greater
with the scribed than the unscribed areas. This parallelism seems
logical since the profile heights are directly related Lo the abrasives.
It can be seen from Table 11 that the order of ranking in the scribed
area was usually high, low, very high, medium. The unusual order .r
suggests that there is at least one other factor, such as total surface
area or profile shape, that is a significant factor in addition to
profile height.

The following observations were made from general protection data
in the scribed areas concerning the interaction of coating systems and
profile heights:

1. The zinc-rich system rated highest for all profiles.

2. The alkyd, coal tar epoxy, and acrylic latex systems rated low
for all profiles.

The epoxy, vinyl, and acrylic latex systems rated highest
for high profiles.

4. The epoxy and zinc-ri-h systems rated second highest for
low profile.

The following observations were made from general protection data
in the unscribed areas concerning the interaction of coating systems and
profile heights:

7
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1. The epoxy and vinyl systems rated highest for all profiles,
with the vinyl system the highest overall.

2. The alkyd system rated the lowest for all profiles.

3. The coal tar epoxy system performed best with a low profile.

4. The acrylic latex system rated high on all profiles except for
high profile on which it rated low. This is consistent with t v

its especially good performance on unscribed areas with Steel
Shot.

5. The zinc-rich system performed best on a high profile and worst

on a low profile.

6. A high profile gave the best results with the alkyd and
zinc-rich systems.

"7. A low profile gave the best results with the coal tar epoxy,

"epoxy, and acrylic latex systems.

8. A very high profile gave the best results with the vinyl system.

Analysis of Coating Systems. Abrasives, Cleaning Levels, and Their

Interactions. A statistical analysis was made using performance data
for scribed and unscribed areas of panels cleaned to the two cleaning
levels using two specific abrasives. These are summarized in Tables 12 .-.

and 13, respectively. There was no statistical significance for
cleaning level in ui-cribed areas, but a slight to very high significance
in scribed areas during the 54-month rating period. The latter is 4.•.

further shown in Table 14. There were no consistently significant "
interactions.

The following observations were made from the general protection
data in scribed areas concerning the interaction of coating systems and
levels of cleaning:

I. The coal tar epoxy system rated best with a commercial -

finish.

2. The acrylic latex, vinyl, and zinc-rich systems rated the
highest with a white metal finish.

"3. The alkyd and epoxy systems did not rate significantly different
-• on a commercial and on a white metal finish.

The following observations were made from the general protection
data in unscribed areas concerning the interaction of coating systems
and levels of cleaning:

I. The acrylic latex system rated the highest with a comercial

finish.

8
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2. The epoxy, vinyl, and zinc-rich systems rated highest on a
white metal finish.

3. The alkyd and coal tar epoxy systems did not rate significantly
different on a commercial and on a white metal finish.

Salt Fog Chamber Performance. Statistical analyses of SSPC salt
fog daLa showed that: (1) for coating systems the level of significance

. varied greatly with time for blistering and rusting, (2) for abrasives .
.the level of significance was 0.99 for blistering, (3) for profile

. height the level of significance was 0.95 for blistering, (4) for
abrasives or profile height there was no statistical significance for

rusting, and (5) for cleaning level there was no statistical significance - -

for blistering or rusting. The ranking of coating system performance
from best to worst was: coal tar epoxy, vinyl, epoxy, zinc-rich, alkyd, a7.V
and acrylic latex. This ranking is somewhat similar to the ranking of
the unscribed areas from Kwajalein, but the results of statistical
analysis of performance data had significant differences. This was
probably due, in part, to a different rating system. The poorer ranking

of the coal tar epoxy system in natural exposure tests and its reduced
adhesion after 15 months exposure in Kwajalein are due to the adverse

effects of solar radiation on coal tar epoxies. The much greater
thickness of the coal tar epoxy sysLem, as compared to the other
systems, helped in its salt fog performance, but it probably also

accelerated its early (15 months) loss of adhesion at Kwajalein by
reducing the overall flexibility of the system. The relatively high
moisture resistance (low moisture permeability) of epoxies and coal tar

epoxies (Ref 3 and citations therein) also aided in the performance of
these systems. The laboratory salt fog environment was especially
severe on the acrylic latex specimens; they were destroyed after
1,625 hours. The alkyd specimens were destroyed after 5,175 hours, but
the four other systems survived the 8,383 hour exposure.

PRESENT RECOmMENDATIONS

The exposure site at Kwajalein is much more severe than that
encountered at most locations, and the exposure test had, of necessity,
many limitations. Nevertheless, it seems appropriate to make some ,z.
recommendations based upon the data received and from other existing

published information, such as Reference 4, until additional information •4.

is received from the other exposure sites. These are summarized below:

S4. .'-.9-
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Blast Cleaning Level Abrasives for Blast Cleaning
Coating
System Hinmum Optimua Recommended Not Recommended *

Alkyd commercial near white none special Steelgrit G-40

Acrylic commercial white Steel Shot Black Beauty 400,
Latex Steelgrit G-40

Vinyl commercial near white Steelgrit G-14, Steelgrit G-40 I

Polygrit 80, N._

Black Beauty 4016

Epoxy commercial near white Black Beauty 4016 Steelgrit G-40,
Steel Shot "

Coal Tar commercial near white Polygrit 80, Steelgrit G-40
"Polygrit 40

Inorganic near white white Black Beauty 400, Polygrit 80
Zinc Black Beauty 4016

aTo approach best possible performance or for marine atmospheric or other

severe service.

%-..

"GENERAL CONCLUSIONS

"1. Within the test levels used, abrasive and profile height are much
more important factors in determining the extent of coating adhesion and
protection than is steel surface cleanliness. As expected, the generic
type of coating system was the most important factor of all. Inter-
actions occur between these factors to a significant extent to determine

* actual performance.

2. Bonding strengths of coatings to steel (with some notable exceptions)
. tend to decrease upon prolonged exterior exposure.

"3. High levels of adhesion and moisture resistance (low levels of water
. permeability) aid in performance of coatings on steel. Greater coating

thickness adds to total water resistance, but it adversely affects
* flexibility, particularly if solar radiation causes rapid weathering, so

"that it reduces adhesion and thus performance.

4. Laboratory salt fog exposure is more severe on some generic coating
systems (e.g., acrylic latex) than others when compared to the effects
of natural exposure.

10
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Table 1. Thickness of Test Coatings

Coating Average Total Dry Film Thickness (mils)

Primer Primer Intermediate Finish Coat

Alkyd 1.6 4.0 5.4

Acrylic Latex 2.2 4.5 5.2

Vinyl 2.1 4.1 5.3

Epoxy 2.2 4.7 5.8

Coal Tar Epoxy 5.7 - 11.3

Zinc-Rich 2.8 4.5

Table 2. Bonding Strengths of Coating Systems on Stel Abrasive
Blasted to a White Metal Finish After Various Exposures

Average Bonding Strength (kg/c-a2) After--
Coating
System No 8,336 Hours 15 Months 57 Months • •

Exposure Salt Fog Kwajalein Kwajalein

Epoxy 180 37 187 68

Vinyl 109 16 105 56

Coal Tar Epoxy 9S 45 61 43

Alkyd 92 a 90 47

Acrylic Latex 57 a 91 86

Zinc-Rich 22 27 27 36

Average 93 3 1 b 94 56

a
bCoating completely destroyed.
For panels not destroyed.
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. Table 3. Bonding Strengths of Coating Systems on Steel Abrasive
Blasted to a White Metal Finish for Each Abrasive as
Measured After Different Exposure Times

%-

Average Bonding Strength (kg/cm
2

) After--

"Abrasive No 8,336 Hours 15 Months 57 Months

Exposure Salt Fog Kwajalein Kwajalein

Black Beauty 4016 108 27 97 56

Flint Shot 99 38 95 54

Steelgrit G-40 99 16 101 49

Steel Shot S280 92 16 104 58

SBlack Beauty 400 91 22 97 54

Polygrit 80 87 60 86 58

"" Polygrit 40 86 60 80 58

* Steelgrit G-14 82 11 87 56

Average 93 31 93 55
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Table 4. Levels of Significance for Coating System,

Abrasive, and Their Interaction on Scribed
Areas Over the Test Period

oLevel of Signiflcancea::: ~~Honths of -.-

Exposure I Coating System Abrasive Interaction

6 b 0.50 0.50

"12 0.99 0.999

"18 0.999 0.99 0.90 .*

1009*0099/.

"24 0.999 0.999 0.95

30 0.999 0.999 0.90

36 0.999 0.95 0.70

42 0.999 0.95 n.90 -i2

48 0.999 0.95 0.99

54 0.999 0.99 0.99

a 0.70 = very slightly significant

0.90 = slightly significant
"0.95 = significantt.
0.99 = highly significant

b
0

.
9 9 9 

= very highly significant
Less than 0.50.
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Table 5. Levels of Significance for Coating System,
Abrasive, and Their Interaction on Unscribed
Areas Over the Test Period % %

Level of Significancea
Months of
Exposure Coating System I Abrasive Interaction

6 0.95 0.50 b

12 0.999 b 0.50

18 0.95 0.50 b

24 0.99 0.70 0.70

30 0.99 0.70 0.50

36 0.999 0.75 0.94

42 0.999 b 0.70

48 0.999 0.70 0.90

54 0.999 b 0.70

a 0.70 very slightly significant

0.90 slightly significant
0.95 significant
0.99 = highly significant

.0.999 very highly significant
0
Less than 0.50.

.. •4..-
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Table 6. Average General Protection Ratings of the Coating

Systems on Scribed Areas Over 54 Months

Months of Exposure h:> \
"Coating I
System 6 12 18 24 30 36 42 48 54 r

Zinc-Rich 8.8 9.1 9.0 9.0 9.0 8.9 8.7 8.4 8.2

Epoxy 9.0 8.9 8.8 8.7 8.6 8.3 8.2 8.0 8.0

Vinyl 9.0 8.8 8.6 8.5 8.5 7.9 7.8 7.6 7.5

Coal Tar 8.6 8.2 7.9 7.7 7.5 6.9 7.1 7.1 7.1
Epoxy

Alkyd 9.0 8.4 7.6 7.1 7.2 6.9 7.0 7.0 7.0

Acrylic 8.9 8.3 7.9 7.7 7.5 6.9 7.0 6.9 7.0
Latex

Table . Average General Protection Ratings of the Coating
Systems on Unscribed Areas Over 54 Months

Months of Exposure
Coating -

System 6 12 18 24 30 36 42 48 54

Vinyl 9.9 9.8 9.3 9.4 9.4 9.3 9.3 9.2 9.1

Epoxy 9.9 9.6 9.4 9.4 9.4 9.2 9.1 9.1 9.1

"Coal Tar 9.8 9.3 9.0 9.0 9.0 8.8 8.8 8.7 8.5
"Epoxy

Acrylic 9.2 9.2 9.2 9.0 8.9 8.7 8.5 8.3 8.1
Latex

Zinc-Rich 9.7 9.5 8.9 8.8 8.6 8.3 8.2 7.9 7.8

Alkyd 9.8 9.4 9.1 8.8 8.4 8.3 7.9 7.8 7.5

"".6.
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Table 8. Average General Protection Ratings Related to Each
Abrasive Measured on Scribed Areas Over 54 Months

Months of Exposure -

Abrasive 6 12 18 24 30 36 42 48 54 "--

oL;

"Black Beauty 4016 9.0 8.8 8.7 8.7 8.5 7.8 7.9 7.8 7.8

Black Beauty 400 8.5 8.7 8.4 8.0 7.9 7.5 7.8 7.6 7.6

Polygrit 40 9.0 8.9 8.6 8.4 8.4 8.0 7.8 7.6 7.5

Polygrit 80 8.9 8.7 8.6 8.5 8.3 7.9 7.8 7.6 7.5

"Flint Shot 8.9 8.6 8.3 8.2 8.1 7.5 7.6 7.5 7.5

"Steelgrit G14 8.7 8.5 7.9 7.8 7.9 7.7 7.7 7.4 7.3

"Steel Shot S280 8.8 8.3 7.9 7.8 7.6 7.3 7.3 7.3 7.3

Stee1grit G40 8.8 8.5 7.7 7.8 7.8 7.4 7.3 7.2 7.2-
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Table 9. Levels of Significance for Coating System, Profile
Height, and Their Interaction on Scribed Areas
Over 54 Honths

Level of Significances
Honths of "
Exposure Coating System Profile Height Interaction

6 0.999 0.70 0.99

12 0.999 0.95 0.99

18 0.999 0.999 0.50

24 0.999 0.999 0.50

30 0.999 0.95 b

36 0.999 0.50 0.70

42 0.999 0.95 0.50

48 0.999 0.95 0.90

54 0.999 0.95 0.95

a 0.70 = very slightly significant

0.90 = slightly significant
0.95 = significant
0.99 = highly significant

b0.999 = very highly significant
Less than 0.50.

18
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Table 10. Levels of Significance for Coating System, Profile
Height, and Their Interaction on Unscribed Areas
Over the Rating Period

Levels of Significancea
Months of

Exposure Coating System Profile Height Interaction

6 0.70 0.70 0.50

12 0.95 b 0.50

18 0.70 0.50 b

24 0.95 0.70 b

30 0.999 0.70 b

36 0.999 0.70 b

42 0.99 0.50 b

48 0.999 0.50 b

54 0.999 b 0.50

a 0.70 = very slightly significant

0.90 = slightly significant
0.95 = significant
0.99 = highly significant

b0.999 = very highly significant
Less than 0.50.

Table 11. Average General Protection Ratings Related to Profile
Height on Scribed Areas Over 54 Months

Months of Exposure
Profile
Height 6 12 18 24 30 36 42 48 54

High 9.0 8.8 8.7 8.7 8.5 7.8 7.9 7.8 7.8

Low 8.9 8.6 8.3 8.2 8.1 7.5 7.6 7.5 7.5I Very High 8.7 8.5 7.9 7.8 7.9 7.7 7.7 7.4 7.3

Medium 8.8 8.5 7.7 7.8 7.8 7.4 7.3 7.2 7.2
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Table 12. Levels of Significance for Coating System, Abrasive,
Cleanliness, and Their interaction on Scribed Areas
Over 54 Months

IThere were no interactions of any significance.]

. . a

Level of Significance
Months of
Exposure Coating System Abrasive Cleanliness

6 0.50 0.70 b

12 0.999 0.50 0.99

18 0.999 0.95 0.99

24 0.999 0.95 0.999

30 0.999 0.70 0.999

36 0.99 0.50 0.90

42 0.999 0.50 0.95 U.-

48 0.999 0.70 0.90

54 0.999 0.70 0.90

a
0.70 = very slightly significant
0.90 = slightly significant
0.95 = significant

0.99 = highly significant

"b0.999 = very highly significant
Less than 0.50.
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Table 13. Levels of Significance for Coating System, Abrasive,,
Cleanliness, and Their Interaction on Unscribed [ -
"Areas Over 54 Months

[There were no interactions of any significance.]

Levels of Significancea
Months of - _ _ _ _ _
Exposure Coating System Abrasive Cleanliness

6 0.70 b b

12 0.90 0.70 b

18 0.70 b 0.50

24 0.70 b b

30 0.70 0.90 0.70

36 0.99 b 0.50

"42 0.999 b b

48 0.999 0.50 0.50

"54 0.999 b b

a 0.70 = very slightly significant

0.90 = slightly significant •
0.95 = significant
0.99 = highly significant

0.999 = very highly significant
Less than 0.50.

Table 14. Average General Protection Ratings Related to Level of
"Cleaning Measured On Scribed Areas Over 54 Months

Months of Exposure
"Cleaning
Level 6 12 18 24 30 36 42 48 54

SSPS-SP 5 9.0 8.9 8.6 8.5 8.5 7.9 7.8 7.7 7.7

SSPC-SP 6 9.0 8.6 8.3 8.0 7.9 7.5 7.5 7.5 7.5
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NAVMAG Engr DMe. F%1rD. Gnam. Mlartana Islacads. SCE. Gurarm. Mariatas islands; SCE. Subie Bay RP ~ ~
NAVMEDCOMl tIlDLANT REG. PWO. Norfolk. VA; NW1(EG. Head. Fae Mgrnr Dept. Oakland. CA;

SEREG. H~ead. Fa. Mgnt Dept. Jaeksons-dle. FL. SWREG. Head. Fac Mgtnt Dept. San Diego. CA;
SWREG. 0DCC San Depgo. CA

* NAVMEDRSHINSTITUTE Code 47. Bethesda. MID
* ~NAVOCEANO Code 343-2 (1 De~alnta). Ba) SI. Lords MS. Code 6200 (.%f Faige). Ha% St Louis. MS; Librat

Ba. St Loins. MIS
NAVOCEANSYSCEN Code 6700. San Diego. CA; Code 90 (Tatktngton). San Diego. CA; Code 964 (Tech

ibirar)). San Diego. CA: Code 9642B (Haysrd Librear)). San Diego. CA
NAVORDMISTESTSTA Dir. Engrg. MID. Whtte Sands. NMf

NAVORDSTA PWO. Losiss-dle KY ,5
N'AVPETOFF Code 30. Alexandria. VA; Code 813107. Alexandria. VA
N'AVPETRES Dirccor. Washingtoni DC

NAVPI(IBASE Harbor Clea~rance Unit Tso. Norfolk. VA: P0.0 Norfolk. VA; SCF. San Dirge. CA
NAVRADRECFAC PWrO. Kaman Seyn Japan
N'AVRSREACE$PA Codentrda 32. S e 072). San c Diego. cn CA
NAVSCOLCECOFF CO. Code C44A Port Hurenetne. CA
NAVSCSCOL PWO. Athents GA
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%AASEASISCOMi Code W EI. .,shington. DCode (15G13. %'.ashington DC, Code 05R12. Pro gr DCP
Wabngtn D. Cde 6H4N~ahmtoz DC Coc C32 ashrigonDC. SEABSE) W hniton. D

%AVSECGRUACT CO Galeta Island Panama Canal PArO (Code 305). Vsrnter Harbor MIE. PN0 (Code
40) Edzell. Scotland. PWO Adak AV. P%%s Saban. Seca PR

NAVSECGRUCOM Code 64-3. %%.b-npou. DC
NAVSECSTA PWD - Engr Ds. Wash . DC
N*ASIIIPREPFAC Libcars. Guam. SCE. Subic B.,. RP. SCE Yokosuka Japan
NASIIIPYD CO. Phladeilphta PA. Car, Inlet Acoosttc Range Bremnerton. NNA. Code 134 [earl Harbor.

IlI Code 202-4 Long Beach CA. Code 2-02-5 (Libran. Brenmerton WA. Code !W) Portsmouth VA.
P. Code 3,S213. Pearl Hlarbor. III Code 410. Mfare Is. Vallejo CA. Code 4404 Bremerton. WA; Code 4410.

Bremerton WA. Code 440 Norfolk. VA; Code 440'. Portsmouth NHl, Code 440 4 Bremerton. WA. Code
457 (Matnt Supr) Vallejo CA. Code 903. Long Beach. CA Dir. %1'nt Contro) PW"D Long Beach. CA.,__
Dor PWD (Code 4210) Portsmouth VA. Libiars. Portsmroarrh. N11, P'..D (Code 430-l11D). Portsmonth. VA.

* ~PWVD (Code 457-lID3) Shop 07. Port-tonth VA. PU3.. Bremerton. WA, P53.0. %fare Isand Vallejo, CA.
SCE Pearl Ilarbor HII

* NAVSTA A Sngilhara. Pearl Harbor. Ill. CO lirookls-n. NY. CO. Long Beadti. CA- CO. RooseseltuRoads.
* ~PR Code IS Nlidua% Island Dir %tech Engr 37W693 Norfolk. VA Ose. Engr Do. P%%D (Code IM21).

Mlasp.irz FL Dir. Engr Dos. PWD. Guantanamso Ba%. Cuba. Engrg Dir. Rota. Spain; Mamit Control Dss.
Gnantanamno Ba%. Cnba. I'V6O. Guantanamo Has. Cuba. PU3. Mlaspon. PL. SCE. Guatn Mattanats

* Islands. SCE Pearl Harbor III, SCE San Diego CA. SCE Subic Bas. RP. UttI Engrg Offir. Rota. Spain
% NAVSUBASE SCE. Pearl Harbor Ill

NAVSUPPACT PWD. olois Loch UK: PWO. Naples. Ital%
NAVSUPPPAC Dsr. %farnm Control Dos. PWD. Thurnsont. MD -

* NAVSUPPO Sccants Of fr. La Maddatena. liai
NAVSURPWVPNCEN Code £21 I (C Romes). Dahilgren VA. G3.32 (Dunean) Dahlgren VA. PWVO. Dahlgren.

VA
NAN'TECIITRACEN SCE. Pensacola FL
NAVWARCOL Pat Coord (Code 24). Nessport RI
NAVWPCEN Code 2634 Clona Lake CA. Code 2636. Chrina Lake. CA. DROICC 'Code 7-0-). Chi=a Lake.

CA. P%% 0 (Code 266) China Lake CA
NAYS's PNSFAC Wpms Offr. St Ma~gan. England
NAVWPNSTA Code 09-2. Colts Neck. NJ. Code 092. Concerd! CA; Dir. Maint Control. PIVD. Concord. CA.

Dsr. Staint Control. Yorkt~mt. VA; Engrg Dis. PWND. Yorktoss. VA; K T. Clebak. Colts Neck. lJ. PWO.
Charleston. SC. PUsO. Code 09B. Colts Neck. NJ: P%160. Seal Beach. CA .

NAS'WP'sSTA P5.50. Yorktossi. VA
NA*VWPNSTA Supr Gen Engr. PAID. Seal Beach. CA
NAVUPNSUPPCEN Code 09 Cranec IN
NETC Code 42. Nesrporl. RI. PWO. Ne,.onar. RI
COMEOi)GRU OIC. Norfolk VA

NCR 2-0. CO. Gnlfport. MS. 20. Code R70
NICB 3. SWC D Wellington. 14. CO. FIVE. Operiations Dept; Forts. CO. THREE. Operatiots Off.r
NORDA Ocean Rsch Off (Code 440). Ha% St Louts. MS
NRL Code kW~S Washisngton. DC; Code 6120 (R. Brad) Jr). Washington. DC. Code 8441 (R.A Shop).

Washington, DC
USCG Code 2511 (C-1I Engrg). Washington. DC
NSC Cheathiam Annex. PWVO. W3.illiamsburg. VA. Code 54 1. Norfolk. VA: Code 70D Norfolk. VA; Fae &

Eqntp Dts (Code 43) Oakland. CA. SCE. Charleston. SC. SCE. Norfolk. VA; Secutrity Offr (Code 44),
Oakland. CA

NSD SCE. Snbtc Ba%. RP 3
CBIJ 401. 01CC. Great Lakes IL
NUSC DET Code 3322 (B~rosi). Nei, London. CT; Code 3322 (Varle)) New Loandon. CT; Code EA123 (R.S.

%lunno). Ness London. CT. Code TA13I (G. Dc lar Cesta). Ness London CT
OCNR Code 126. Arltngton. VA
OFFICE SECRETARY OP DEFENSE OASD (M6RA&L) Dtr. of Energy. Pentagon. Wathin siton. DC
CNR D.T. Dir. Boston. IVA
OCNR Code 421 (Code E A Svhýs). Arltngtoan. VA: Code 700F. Arhtgton. VA
PAChIISRANFAC PWO. Kauai. HI
PIIIBCB 1. CO San Dtego. CA; 1. ELCAS Offer. San Diego. Ca; 1. P&E. San Diego. CA; 2. Co. Norfolk. "A
PSITC Code 51)54S.5 Point Mngn. CA
P%'C ACE Offiem. Norfolk. VA; Code ii). Great Lakes. IL. Code 10. Oakland. CA: Code 310D. Guam. Mariana

Islandis. Code 101 (i~brut1). Oakland. CA, Code 102. %taint Plan & Iropeec. Cakland. CA; Code 110,
Oakland. CA: Code 123-C. San Dtego. CA; Code 20D. Guam. Mariauna tslande; Code 3OV. Norfolk. VA;
Code 400. Pearl Harbor. HI: Code 40D. San Diego. CA; Code 420. Great Lakes. It, Code 420. Oakland.
CA; Co~c 422. Slan Diego. CA; Code 423. San Diego. CA; Code 4.24. Norfolk, VA; Code 425 (L.N. Kaya.
P.E). Pearl Harbor. HI; Code 438 (Aresto). San Diego. CA. Code 510. Norfolk. VA. Code SM1. Oakland.,'~
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CA. Code "OA. Oakland CA. Code 590. San Diego. CA. Code 610. San Diego Ca. Code 614. San Diego.t
CA. Code 300. San Diego. CA ire Mfaint Dept (Code 500) Great La3kes. IL. Dir. Marttt Control. Oakland.
CA. Ore. Sen Dept (Code 400). Great La3kes IL, Onr. Transjr Dept (Code 700). Great Lakes. IL. Drr. Ut.i
Dept (Coe. 6W5). Great Lakes 1L. Fac Plan Dept (Code 1011). Pearl Harbor. Ill. Librar) (Code 134).
Pearl Ha~rbor. Ill. Librars Guant. Marrana Islands. Librars Norfolk VA. Libran. Pensacosla. PL. Librr~n.
Yokosuka JA. Prod Offir Norfolk. VA. Tech Librars. Snbrc Ba). RP. Utr' Offe. Guarn Marrna Island

*SEAL TEAM 6. Norfolk. VA n
SPCC P%50 (Code (EN). Nlechanicsisorg. PA

* ~SUPSHIP Tech Libran. Neupjort Ness' VA

HIAYNES & ASSOC iI Havoes. P E . Oakland. CAV
UCT TWO GIC. Port Hueneme CA

* ~U S MERCHIANT MARINE ACADEMY Reprint Custodian. Kings Point. NY
US DEPT OP INTERIOR Nall Park Sen (RM~RIPC) Denser. CO
US GEOLOGICAL SURVEY Off Mfarine Geologp. Pitelcks. Reston VA
USAP SCHOOL OF AEROSPACE MEDICINE H-perbaneMedrone Di,. Brooks APE. TX
USCG G-EOE-261 (Es1,,nslrade). WVashintgton DC. G-EUE-4 IT Dood) Waslnngon. DC. Golf Strike Team..

8a% St Louts. MS. LANT Strtke Team. Elrzabeth Or). NC. Librar) Hqtrs Waslnngton. DC. Par Strike L
Team. Hlamilton AFB. CA

USCG R&D CENTIER D Motherssax. Groton CT. S Rosenberg Groton. Cr
IJSCiNC PAC. Code J44. Camp HMiSmrrh. HI

LSArbr. cic ( Madhon. WahnIoD. Forest Sen. Enb r Tech InfoaCoord.IWo. ForesAtlanta.aGA
USD. adio.'I Eoret Sen-te (TMhr)W ngtn Dech Ifors Porod Laboi AD~otlantad.on WIGoetArdLb

USNA Mech Engr Dept (Hasson). Annapolts. MD. Mg.Engrg, C-ir Spec Br. Annapolts. MD. PMO.
Annpolts. MD

USS FULTON WPNS flep Offr (W-.3) Ness York. NY
WATER & POWER RESOURCES SERVICE (Smosak) Denser. CO -

ADVANCED TECHNOLOGY F. Moss. Op Crin Camoardlo. CA
AMERICAN CONCRETE INSTITUTE Detroit %It ((tbrars)
BERKELEY PW5 Engr Ons. Harrison. Berkele). CA
CALIF. DEPT OF NAVIGATION & OCEAN DEV Sactlmnseoto. CA (G. Arwstrong)
CALIF. MARITIME ACADEMY Ltbrars. Vallejo. CA

* - ~CITY OP A~USTIN Resource Mgnn Dept (G Aruold).Austtn. TX
CITY OP LIVERMORE Project Cnop (Dackins) U--creruore. Ca
CLARKSON' COL.L OF TECHI G. Bartson. Potsdam NY
COLORADO SCHOOL OP MINES Dept of Engrg Ji S Chung. PhD) C-olden. CO
CORNELL UNIVERSIT-Y Coil & Ensiron BEgeg (F. I.nlhu-a). Ithaca. NY. Librat). See Dept. Ithtaca. NY
DAMIES & MOORE LIBRARY Los Angeles CA
DUKE UNIV MEDICAL CENTER B Mtop. Dormtin NC
UNIVERSITY OF DELAWARE (Dr S Dexer) Lines. DE
FLORIDA ATLANTIC UNIVERSITY Boca Raton FL (W Haott). Boca Raton. FL (McAllister)
FLORIDA TECHNOLOGICAL UNIVERSITY Dr. E. Kalajtan. Melbounre. FL
HARVARD UNIVERSITY Arch Dept INSk Kim) Cambridge. MA
INSTITUJTE OP MARINE SCIENCES %forehead Citi NC (Director)
%%OODS HIOLE OCEANOGRAPHIIC INST. Proj Engr. Woods Hole. MA
LEHIGH UNIVERStTY I oirle-ant sm oýr r Catologuner. Bethlehem. PA; Marine Geolech Lab (A. Richardls).

Bethlehem. PA
MAINE MARITME ACADEMY CASTINE. ME (LIBRARY)
MICHIGAN TECHNOLOGICAL UNIVERSITY Houghrton. MIt (Ilaas)

MIT Engrg Ltb. Cambrtdge. MA: Librarj. Cambridge. MA
NEWRA ENERICO S LAR ENERGY IonSTul. DcZIbeII tcsN
NYW C-ITY COMMUIT COLERGE INSar. Brookiblyn. NY N
NYS CIERY COFFIYCOLEE L sbbrar .Alban) NY
ORSEGNESTATEOUNIVERST (CEa) Deptn Grc)CNYl O;CRALS R C ET IK)

COnaEiGOR (TT UIESchoo of E Dcang eph)) c)Cr~ .O;CRALS R C ET IK)
PEnNfSYLAI O(STATEl Uo VRST STAT COLEG.PA(SNDER

PORTNSYLANDIEG PrATE UIEnR.SPoTYF STAnE DCeO.LGE CA(SYDR
PURDU UANDIVERSIT Lafayel ote INc SLorarDseg. LAfaet.I Atcafl.Lfyte N(EEg.Lb
SANRDIEG UIESITAT UNIaVt IN Noorna. san Lafego. e CA Atcuef!.Lf~nIN(EEg.L
SCR IPPS ISTITTE OFV CENooraPIIYSa Dee e rl rj(dm) aJla A a iego. CA

(MaRInaS PNSITUT. Lab OpCEANGAHsspSaDil)Aas.L ola A a igC
SEArmtTL Pro.Lab Scpiegeseat) W

SOUTIIHWEST RSCH INST J Hokanson. San Antonto. TX-. R. Dellart. San Antonio TX; San Antonio. TX

STATE UNIV OF NEW YORK Buffalo. NY

26



TEXAS A&M UNIVERSIT'Y College Station TX (CE Dept Hcrbidt(. %IM Nicdzsseki. College Station. TX
W B Ledlbetter College Station. TX

* UNIVERSITY OF ALASKA Marner Science lost College. AK
* ~~UNIVERSIT'Y OF CALIFORNIA CE Dept (Ta~lor) Das-... CA. Pro! B C Gemusk. Berkeles. CA Prof E A __

Pearson. Berklele. CA
* UNIVERSITY OF DELAWARE CM1 Engrg Dept (Chestson) Nesark., DE
*UNIVERSIT'Y OF FLORIDA Florida Sea Grant ',C Jones). Gaitsessiile. FL-

UNIVERSIT'Y OF HIAWAII Librars (Set & Tech Dr.). Ilertolulu. fit
UNIVERSIT OF ILLINOIS CE Dept (WY Gatnb~e) Urbana. IL. Chitr Enrgrg Dept (Hall), Urbatta IL.

* Librain. Urbana. IL. M T Dastsson. Urbatta IL. Metz Ref Km. Urbana IL
-UNIVERSITY OF MASSACHUSETT (Herottetts). ME Dept. Amherst. MA __

UNIVERSITY OF MICHIGAN Ann Arbor MIf (Rteltart)
* UNIVERSITY OF NEBRASKA-LINCOLN Loneoln. NE (Ross lee Shtelf Prot
- ~UNIVERSIT'Y OF PENNSYLVANIA Sehlt of Engrg & Applted Set (Roll) Philadelphia. PA

UNIVERSITY OF TEXAS mttt Marine Set (Lirbars). Port Arkantsas ýX
*UNIVERSITY OP TEXAS AT AUSTIN (Prof J% N Thmpscnr.)cD-! Ciný 'E-gr D! 'E B'eet (ECJ A 8)
* UNIVERSITY OF XASHI.%GTON Dept of Crsil Engr (Dr Mattock). Seattle WA. Librars. Seattle. WA

UNIVERSITY OF WISCONSIN Great Lakes Studtes Citr. Mtis~wacee. WI
VENTURA COUNTY Depots PW Dtr. Ventura. CA. PWA (Brors-rc) Ventur. CA
WESTERN ARCHEOLOGICAL CENTER Librars. Toetoa AZ
ALFRED A Y'EE & ASSOC. Libranatt. Honoluta. HII
AMIETEK Offshore Res. & Engr Dr.

* ~APPLIED SYSTEMS R. Smtth. Agana. Gtuam
* ARVID GRANT Olympta. WA
* ATLANTIC RICHFiELD CO. R E Smith. Dallas. TX
* ~AUSTRALIA Emba~ss% of (Trattsport) Washitngton. DC

BATIELLE-COLUMBUS LABS (D Pnrtr) Columnbus. Oil
N ~BETHLEHEM STEEL CO Engrg Dept (Dnnttlke). Bethlehems. PA
* BROWN~ & ROOT thoroon TX (D %%strdl
* ~CHIEMED CORP Lake Z7atrdt IL (Dearborn Chem Dtn, Lib)
* ~~COLUMBIA GULF TR1ANSMISSION CO. Entig Lib. Honstort. TX 5t*
* CONSTRUCTION ITECH LAB A E Fiorato. Sko!ae. IL

CONTINENTAL OIL CO 0 Nfaxson. Porea Cits. OK
CROWLEY MARmITIE SALVAGE INC (B Frost). Willatmsburg. VA

- ~DILLINGHAM PRECAST F MeHatc. Honoulo. HII
DRAVO CORP Pittsburgh PA (Wright)

* DURLACH. ONEAL. JENKINS & ASSOC Colombta SC
EAST7PORT INTERNATIONAL INC. (I H Osbortn) Mgr. West Dtn. Veetura. CA

.J-ENERCOIP II Atttntaid. Brttttsietk. ME
EVALUATION ASSOC. INC MA Fejele. King o. Prinista. PA
EXXON PRODUCTION4 RESEARCH CO Houtston. TX (Chtao)
FURGO INC Librari. Houston. TX

- ~~GENERAL DYrNAMICS Esiron Engrg. Elee Boat Dr. (Wallnma). Goroton. CT
- GEOTECHNICAL ENGINEERS INC (R F. Mutrdock) Principal. Winchester. MA
- GLIDDEN CO. STRONGSVILLE. CHI (RSCH LIB)

GOODYEAR AEROSPACE CORP D/490,C2 (F I1 Slimier). Akron. OH
GOULD INC Tech Libt. Chtes lenten Di%- Glen Burntte MD
HALEI & ALDRICH. INC HP Aldrich. Jr. Cambridge. MA

* NUSC DET Librar). Ne.wport. RI
- KAISURA. Y. Consult Enge. Ventura. CA
- ~KTA-TATOR. INC Plttsburg. PA

UIN OFFSHORE ENGRG P. Cho.. San Francisco CA
*LUNDA HALL UIBRARY Doe Dept. Kansas Cit3. MO

M C.) P. Murck. Oeaeyesaie. CA
MARATHON OIL CO Houston TX
MARINE CONCRETE STRUCTURES INC. W A. Ingrahsam. Metatrie. LA
M6CDONNELL AIRCRAFI` CO. Sr Engr. Logistics. St Louis. MO
MOBIL R & D) CORP Offshtore BEg Libraty. Dallas. TX
MOFFATT & NICHOL ENGINEERS (R Pailmer) Long Beact. CA
MUESER. RUTLEDGE. W.ENTTWORTH AND) JOHNSTON EA Richards. New York. NY
NEW 7FALAN13 New Zealand Concettee Researcht Assoc. (Libratian). Pormtet
PACIFIC MARINE TECHNOLOGY (M. Wagner) 0uDtvl. WA
PHELPS ASSOC P.A. Phtelps, Rhreem Valley. CA
PIT-FSBURG TESTING LAB M. Kocal. Pnttbura. PA
PORTLAND CEMENT ASSOC. SKOKIE. IL (COR1 EY; SKOKIE. IL. (KIJEGER); Skokie IL (Rsdr & Dev

Lab. Lilt)
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RAN %10D INTERNATIOAL IC E Colkc Soil Tceh Dept. Penteucen MJ J WceIh Sodliech Dept
Pcnnsmtken NJ

-~~ SEATECII CORP MIIAMI FL ý?ERO\II
SHELL DEV'ELOPMIENT CO Houston TX (C SeIIa r~ It

SHELL OIL CO E & P CE. flouston TX

-~~ STEEL STRCTRS PAINT COU%CIL Pntbutrg. PA
TEXTRON INC BLPFALO NN (RESEARCH CENTER LIB)
TIDEWATER CONSTR CO J ro.Icr \'srpmo~ Eec-h. VA

- 11LGHIMAN STREET GAS PLANT (Ste.). Chc,-cr. PA
%%.EsInGHiOISE ELECTRIC CORP A.-poits 511) (Ocemoc Dn Ldr. Bn-n(. Lbbems. Phaxhurgh PA
%%ILSO\ & CO E\GR & ARCHITECTS MD '.ontwe, R A K.rm Cto,. KS
WISS. JA%NEY ELSINSR & ASSOC Northbirook. IL D MA Pkc,)er)
MI5 CLAPP LADS - BIATTELLE bbatý D-b-~ MIA
MI5 N%00D & ASSOC (D VUood) Sletwte. LA

\5OODNARD-CL'DE CO\SLI.TANTS (Dr R Dominp..ezI floroton IX (R Ceo'-j 5A~rintt Creek CA
* ANTO% TE-DESKO Btonx-tk NY
- ~BRADFORD ROOFINGO T R,.n. B~i,ne MIT

lL LLOCK L. Caad.~
* ~DOIRO5SOISKI J A Alt~d-n CA

BE%~ C GERISICK ',NC S~n Pemaoc. CA
* IIHAYNES B Round Rock. TX\
*~LANCTON Redmond. USA

MESSING. D W Voodsee. %J
OSBORN. JAS 11 Ventura. CA
PAULI Silee Sprnne. MD

* ~PETERSEN. CAPT N V% C.mmdlo CA
* ~~R P IIESIER CE. Old S.,teoruk. CT ~
*~sMMIT Gulfport. V15
* ~SPIELVOGEL. LARRY %,micote PA
*~ TW MERMIEL N% h~intton DC
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